Identification of a nonsense mutation in APAF1 that is likely causal for a decrease in reproductive efficiency in Holstein dairy cattle.
The HH1 haplotype on chromosome 5 is associated with a reduced conception rate and a deficit of homozygotes at the population level in Holstein cattle. The source HH1 haplotype was traced to the bull Pawnee Farm Arlinda Chief (Chief), who was born in 1962 and has sired more than 16,000 daughters. We identified a nonsense mutation in APAF1 (apoptotic protease activating factor 1;APAF1 p.Q579X) within HH1 using whole-genome resequencing of Chief and 3 of his sons. This mutation is predicted to truncate 670 AA (53.7%) of the encoded APAF1 protein that contains a WD40 domain critical to protein-protein interactions. Initial screening revealed no homozygous individuals for the mutation in 758 animals previously genotyped, whereas all 497 HH1 carriers possessed 1 copy of the mutant allele. Subsequent commercial genotyping of 246,773 Holsteins revealed 5,299 APAF1 heterozygotes and zero homozygotes for the mutation. The causative role of this mutation is also supported by functional data in mice that have demonstrated Apaf1 to be an essential molecule in the cytochrome-c-mediated apoptotic cascade and directly implicated in developmental and neurodegenerative disorders. In addition, most Apaf1 homozygous knockouts die by day 16.5 of development. We thus propose that the APAF1 p.Q579X nonsense mutation is the functional equivalent of the Apaf1 knockout. This mutation has caused an estimated 525,000 spontaneous abortions worldwide over the past 35 years, accounting for approximately $420 million in losses. With the mutation identified, selection against the deleterious allele in breeding schemes has aided in eliminating this defect from the population, reducing carrier frequency from 8% in past decades to 2% in 2015.